in the complexity of self-regulating systems, and in what kind of mysterious substances could induce the formation of a nervous system in chordates. I think I was lost to developmental biology from then on! Now that might seem pretty nerdy, being interested in mathematics and biology at that age, but rest assured, I had friends and played sports! The biology that was taught at my school didn't really interest me much, because it didn't appear to be a subject where creative people were addressing interesting questions, although there was so much undiscovered territory that needed to be investigated. After fi nishing school, I fi rst signed up for mathematics, just to be quickly terrifi ed by the immense workload, and that most fellow students appeared to have very restricted interests. So I shifted to study biology in university.
Why did you decide to study plants?
As a student, I was initially more curious about animal development and behaviour, but I got into plant science 'by accident' after starting as a student in the group of Peter Starlinger in Cologne. I have stayed in this fi eld ever since, but as I lacked formal training in plant biology, I had to read a lot to understand the fi eld.
Do you have a role model?
Starlinger was an inspiring person who always stressed the importance of ethics in science, and that we, as scientists, have obligations to society. The GMO discussion had started already in those days, and the lab participated in these discussions at weekly seminars, where we talked about issues of social responsibility and the risks and consequences of genetic engineering for plant breeding and medicine. Sometimes it seems as if time has stood still, because the same questions are still being discussed today, as if we haven't been able to answer a lot of them by now. The Starlinger lab worked on transposons in bacteria and plants, and later a part of the group focused their interest on plant development. Plants were not really my favourites at that time, but I came to realise that, while animal development was being thoroughly investigated in several systems, with Drosophila as the outstanding example, plant developmental studies seemed to be lagging behind, and that there were ample possibilities to discover entirely new or different developmental mechanisms. I decided to investigate gene expression in the tomato shoot meristem for my PhD thesis, with the aim to fi nd genes that distinguish stem cells from differentiating cells. What I realised during my thesis work is that it is a great advantage to work with a genetically tractable model organism, like Antirrhinum or Arabidopsis.
Do you have a favourite book or paper?
A book that infl uenced me strongly was Patterns in Plant Development, by Ian Sussex, because, even with very little discussion of molecular biology, it introduces the important questions fundamental to plant development, and highlights a number of simple but elegant experimental approaches that were used to address these questions. A paper I recommend is "The war of the whorls", by Coen and Meyerowitz (1991, Nature) . It summarizes in a most elegant way the fi ndings obtained from the studies of fl ower development mutants that led to the formulation of the ABC model, which can serve to understand the majority of homeotic mutants in many different plant species. Really great models are often very simple, and this is one of them, which so far has stood the test of time.
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What is the best advice you've been given? Follow your heart! I am involved in career discussions with students and postdocs, and this one line is still the most important onetry to fi nd a problem worth studying, and then concentrate on this with all your energy. Careers can be planned only to a certain extent, and you are more likely to achieve something great if you fully commit to it.
What do you think are the big questions and challenges to be answered next in your fi eld? Predicting phenotypes from genotypes will be a major theme for years to come. And we can be more optimistic about this goal now, because so many genomic and computing tools have been developed in recent years that will allow us to come closer to achieving this.
Why do you work on meristems?
Meristems are fascinating, and plant development depends on them. Within a rather compact structure, many fundamental questions of plant biology, such as the nature of stem cells, pathways towards differentiation or the role of environmental inputs on growth can be studied. For those inclined to more applied research, it is important that meristem size can be a key factor controlling yield in crops such as maize.
How will biology change in the future? I am excited about synthetic biology -we have learned to dissect many signalling and metabolic pathways, and gained insights into cell functions. We have now reached a phase in biology where we can start to reconstruct or reengineer such pathways for hypothesis testing or to obtain useful plants with new traits. Altogether, biology will become even more 'quantitative', since precise quantitative data can serve as input for (mathematical) models that are needed to achieve a better interpretation and understanding of the complex biological world. So my advice for students -learn biology and mathematics! Institute for Developmental Genetics, Heinrich-Heine University, Düsseldorf, Germany. E-mail: ruediger.simon@hhu.de
Fossil pigments

Johan Lindgren
What are fossil pigments? In order to address this question properly, we first need to take one step back and ask ourselves: what are pigments?
OK, what are pigments? Natural pigments -or biochromes, which is the more precise biological term because the word 'pigments' also is used traditionally in industry and art for insoluble coloured substancesare those molecular components of microorganisms, plants and animals that produce colour by selective absorption of certain wavelengths of visible light. These do not form a natural chemical group; instead, they comprise a number of molecular constituents, each with distinct properties and functions. Typical biochromes include melanins, carotenoids and porphyrins, which together with finely organised nanostructures causing light scattering are responsible for the multitude of hues, shades and colour patterns seen in the plant and animal kingdoms today.
What are fossil pigments then?
Fossil pigments are the geochemical remains of biochromes found in rock successions. Recognizable traces of organic pigments date back to Precambrian times, and thus include some of the earliest life molecules known from the geological record. Biochromes, or their diagenetic (i.e. pertaining to changes that occur during burial) breakdown products, are occasionally found associated with the organisms that produced them; however, they also occur isolated within sedimentary rocks and soils. Noteworthy recent discoveries include pink-coloured borolithochromes -a unique class of prehistoric pigments without any modern analogue -extracted from 165 million-year-old putative red algae and dark eumelanins identified in 180 million-year-old cephalopod ink sacs (Figure 1) .
Quick guide
OK, so that is fascinating, but why should we care about fossil biochromes? Few organismal attributes are more conspicuous than their colours. Consequently, these have received more attention by scholars and laymen alike than most other biological traits. Given the broad range of physiological and biochemical functions of extant biochromes -ranging from advertisement and fl amboyant sexual display to entirely non-visual roles, such as photoprotection and thermoregulation -ancient pigments have vast potential to provide crucial insights into aspects of geochemistry, taphonomy, palaeobiology, palaeoecology and even palaeoclimatology not obtainable from other sources. They can also be used as indicators of biological activity (thereby providing potential target molecules in the search for extra-terrestrial life), and to trace the origin and radiation of major biological processes, such as photosynthesis. Accordingly, fossil biochromes serve as a valuable molecular complement to body and trace fossils for unravelling the many mysteries in the evolutionary history of life on Earth.
How many different types of biochromes are known as biochemical fossils? In addition to melanins and borolithochromes, there is a suite of other natural pigments with robust molecular structures, and hence potential to survive in fossils, sedimentary rocks or soils for millions or, in some cases, even billions of years. For instance, violetto purple-coloured hypericinoids -a group of polycyclic quinoneshave been isolated from dissolved skeletal calcite plates of crinoids (sea lilies) dating to the Triassic, and the energetically stable carbon skeletons of both porphyrins and carotenoids have a well-documented geological history extending as far back as the Proterozoic.
Can original colours and pigment patterns be reconstructed from fossils? Some of the most imaginative and thus appealing aspects of ancient, now long extinct, animals relate to their appearance. As a result of this, much time and effort
